In this work, nanodiamond (ND) powder electrodes were fabricated and the electrochemical properties were investigated in the solution containing hydroquinone and catechol in 0.1M phosphate buffer solution(pH 7.0). Both hydroquinone and catechol exhibited well-defined redox peaks and much larger peak currents at ND powder electrodes. Under the optimized condition, the amperometric current response on ND powder electrodes were linear over ranges from 2.0×10 -6 M to 1.0×10 -4 M for hydroquinone, and from 4.0×10 -6 M to 9.0×10 -5 M for catechol, with the detection limits of 8.1×10 -7 M and 4.2×10 -7 M, respectively. Our current work suggested that ND powder electrodes had much potential to be applied in the detection of phenolic organic compounds.
INTRODUCTION
Hydroquinone (1,4-dihydroxybenze, HQ) and catechol (1,2-dihydroxybenze, CC) are phenolic compounds and widely used in the production of dyes, cosmetics, pesticides and pharmaceuticals. Also, HQ and CC are two important environmental pollutants due to their high toxicity and low degradability [1] in the ecological circumstance [2] . Furthermore, these two dihydroxybenzene isomers usually coexist and interfere with each other during their determination because of their similar structures and properties. The acceptable emission of phenolic compounds according to the national standard of China (GB 8978-1996) is 0.5 mg/L (for dihydroxybenzene, 0.00454 M) [3] . Therefore, it is necessary to develop a simple, fast and reliable analytical method for simultaneous determination of HQ and CC [4, 5] . Up to now, numerous methods have been exploited for their determination, including synchronous fluorescence technique [6] , spectrophotometry [7] , gas chromatography [8] , pH-based flow injection analysis [9] and liquid chromatography [10] and electrochemical methods [11] [12] [13] [14] .
Recently, electrochemical methods have attracted increasing attentions owing to the advantages of low cost, fast response, excellent selectivity, and high sensitivity. Carbon-based electrodes have been widely used in electrochemistry because of their chemical inertness, wide potential window and suitability for different types of analysis [15] .Over the past ten years, several carbon-based electrodes including carbon fiber electrode [16] , carbon nanotubes (CNT)-modified electrode [17] [18] [19] [20] [21] [22] , and borondoped diamond (BDD) electrode [23, 24] have been investigated for dihydroxybenzene sensor. The early investigation concerning the simultaneous electrochemical determination of the two isomers was conducted at a glassy carbon electrode modified with multi-walled carbon nanotubes (MWCNTs) and yield promising results [17, 18] .
Unlike sp 2 -bonded carbon materials, diamond possesses a valence bond structure of sp 3 -bonded, and which makes it exhibit good physical stability and chemical stability under high potential, acidic and alkaline conditions. ND is a special form of diamond material and has the advantages of diamond. Besides, ND also exhibits excellent electrochemical properties in solution due to nano-size effect. In previous studies, ND was used for the determination of nitrite [25] and electrocatalytic oxidation of methanol as catalyst carrier [26] [27] [28] [29] . In our present study, ND powder electrode was prepared and used for the determination of HQ and CC.
EXPERIMENTAL

Materials
ND powder with an average particle size of 100 nm was fabricated by mechanical crushing and was supplied by suqure and circle of Tuocheng Co.. Hydroquinone (HQ) and catechol (CC) were purchased from Tianjin, China. All reagents were of analytical grade and deionized water was used to prepare the solutions. The 0.1 M phosphate buffer solution (PBS) (pH 7.0) prepared using a combination of NaH2PO4, Na2HPO4, and NaCl was employed as a supporting electrolyte.
Experimental measurements
All the electrochemical experiments were performedusing the CHI760D electrochemical workstation (Shanghai Chenhua Co., China) in a conventional three-electrode configuration. Platinum electrode, Ag/AgCl electrode (in saturated KCl solution), and ND powder electrode were applied as counter, reference, and working electrodes, respectively. The ND powder electrode was obtained as follows: (1) The bare glassy carbon electrode (GC) was polished successively using 0.3 and 0.05mm alumina slurries. After 3 min of ultrasonication in ethanol and water successively, the electrode was rinsed with water for several times and then dried. (2) ND powder (about 10 mg) were dispersed in 10 mL deionized water by ultrasonication for 30 min to achieve a 1.0 mg/mL suspension. (3) one drop (5 L) of the suspension was directly cast on the surface of the GC (2 mm in diameter) and evaporated at room temperature. Fig. 1 showed the cyclic voltammograms of 0.1 M PBS at the GC and ND/GC electrodes. It can be seen that both GC electrode and ND/GC electrode exhibit similar electrochemical properties and the potential window ranged from 0.3 V to +1.0 V. Besides, there was no peak in the electric potential platform, which can provide a good platform for the detection of potential. . At bare GC(curve b), the electrooxidation of the CC presents only a small peak (Ip=0.056 A ) at 0.15V. Compared with bare GC, a well-defined oxidation peak with large peak current (Ip=1.666 A) for CC are observed at ND/GC(curve c) when potential was 0.15 V, indicating the excellent electrochemical response of ND/GC electrode even the concentration of CC was as low as 10 µM. Therefore, it can be clearly inferred that the electrochemical response of ND/GC electrode to CC should be mainly attributed to ND. Fig. 2 (B) was the DPV curves of ND/GC in 0.1 M PBS (a) and 10 µM HQ (c) and DPV curve of GC in 10 µM HQ (b). For the ND/GC electrode (curve c), it can be seen that there was an oxidation peak with a peak current Ip of 1.428 A can be observed in the 10 µM HQ solution while the potential was 0.03 V. For the GC electrode (curve b), the peak current of the oxidation peak in the 10 µM HQ solution was 0.126 A and one order of magnitude smaller than that of the ND/GC electrode. Hence, based on the comprehensive analysis of the DPV curves in Fig. 2 (A) and (B), we can draw a clear conclusion that ND has excellent electrochemical response to both CC and HQ. This improvement in electron transfer kinetics could be explained as follow: the nanometer size, large surface area, and surface functional groups of ND powder could enhance the performance of the peroxide oxidation process of CC and HQ on the ND/GC electrode and reduce the charge transfer resistance, thus improving its reversibility which greatly enhanced the peak currents [30] . The electrocatalytic oxidation of CC and HQ at the ND/GC electrode was also investigated by DPV in PBS (pH 7.0) at a scan rate of 50 mV/s by varying their concentrations ( Fig. 3A and 3B ). With an increase in the concentration of analytes, oxidation peak currents of CC and HQ increase. To verify the linear relationship between oxidation peak currents and CC and HQ concentrations, calibration curves were constructed. The peak currents increase linearly with increase in the concentration of CC and HQ. A linear dynamic range and a calibration equation were obtained for CC (Fig. 3A) , 4.0×10 (S/N = 3) was obtained for CC and HQ respectively. A comparison of the proposed electrode with other carbon-based modified electrode is listed in Table 1 . As can be observed, the detection limit for both HQ and CC are lower than those obtained at the MWCNT-PMG/GC [31] and PASA/MWNT/GC [2] , and their linear ranges are wider than those obtained at BG [32] and SWNT/GC [19] , indicating that the proposed sensor have rational linear ranges and acceptable detection limits. Although the sensing properties of detection limit and sensitivity of ND powder are not the best compared with some previous works, while the sensing performance of the obtained ND could be further improved by surface modification, such as coationg noble matal nanoparticles and surface carbonation. Therefore, the improved electrode can be applied as a promising electrode for simultaneous and sensitive determination of HQ and CC without interference with each other. The pH value of the PBS has significant impact on the detection of CC and HQ. Therefore, the effect of solution pH on the response of CC and HQ was investigated in the range of 5.0-9.0. The DPVs 0f 0.1 M CC and 0.1 M HQ at ND/GC electrodes in 0.1 M PBS with different pH (5.0, 6.0, 7.0, 8.0 and 9.0) were shown in Fig. 4A and Fig. 4B , respectively. The peak currents of CC and HQ in PBS solutions with different pH were shown in Fig. 4C . It can be seen that for both CC and HQ, the peak current increased first and then decreased with the increase of pH value and the maximum response were found at pH 7.0. The reason for the phenomenon could be attributed to the large amount of functional groups containing oxygen and nitrogen absorbed on the surface of ND powder. With the pH increased from 5.0 to 7.0, the dissociation degrees of the oxygen-containing groups increased and the hydrogen bonding of hydroxyl in oxygen-containing groups and dihydroxyhenzene enhanced, which can increase the adsorption capacity of dihydroxyhenzene isomers on the surface of ND/GC electrode and thus the response current increased. When the pH was larger than 7.0, due to the attraction between OH -and phenolic hydroxyl groups in the solution, the formation of hydrogen bond on the surface of ND/GC electrode and phenolic hydroxyl group was weakened and therefore the oxidation peak current was reduced or even disappeared. Additionally, the relationship between the oxidation peak potential and pH was also investigated (Fig. 4D) . It was found that the oxidation peak potentials shift negatively while pH increased from 5.0 to 9.0 for both CC and HQ, indicating that high pH was beneficial to the electrochemical reaction. The linear regression equations for oxidation peak potentials and pH were E(V) = 0.51120.049 pH，(R 2 =0. 98687) and E(V) = 0.0420.053 pH, (R 2 =0.99179) for CC and HQ, respectively. The slopes of the two regression equations for CC and HQ were 49 mV/pH and 53 mV/pH, respectively. It should be noted that the slopes of the equations were very close to the theory value of 59 mV/pH [34] , suggesting that the electrochemical redox process of CC and HQ at ND was a two-electron and two proton process [18] (as shown in Scheme 1). Therefore, in order to achieve high sensitivity, pH 7.0 was chosen for the simultaneous determination of CC and HQ. Fig. 5(curve b) , there is a broad oxidation peak at potentials around +0.15 V for bare GC electrode, which indicates the oxidation peaks of CC and HQ overlapped to form a wide peak, therefore, it was impossible to simultaneously determine CC and HQ using bare GC. In contrast, two well-defined oxidation peaks with much larger current response at potentials of +0.088 V and +0.198V for HQ and CC are observed at ND/GC (curve a). The probable reason for the peak separation is that the electron cloud density is lower from HQ to CC, so the oxidation of HQ is easier than that of CC, which is similar with the previous report [11, 17] . In addition, the ND/GC electrode facilitates electron transfer and increased electrochemistry signals of CC and HQ, which could be attributed to the large surface area and surface functional groups of ND powder. Thus, the ND/GC shows excellent selectivity and sensitivity in the simultaneous determination of CC and HQ. Fig. 6 showed the DPV curves of ND/GC electrode in the mixed solution of CC and HQ with different concentrations. The concentrations of CC and HQ from bottom to top were 0.5 mM, 0.01mM, 0.05 mM and 0.1 mM, respectively. Two well-defined oxidation peaks with large peak separation at the potential of 0.088 V (for CC) and 0.198 V (for HQ) can be found under all concentrations, further confirmed that ND/GC electrode has excellent detecting sensitivity to CC and HQ mixed solution. 
RESULTS AND DISCUSSION
CONCLUSION
In this paper, ND powder electrode with low cost had been fabricated by a simple and feasible method. The ND powder electrode exhibited an excellent electrocatalytic activity toward the oxidation of HQ and CC. A wider concentration linear range, lower detection limit and good detection selectivity for HQ and CC mixed solution were achieved on the ND powder electrode. Also, coupled with the unique chemical and physical stability of diamond, ND powder electrodes are expected to be applied in the detection of phenolic organic compounds.
